Abstract. The paper is devoted to the problem of the determination of the orbital and physical parameters of the active eclipsing binary SV Cam on the basis of the interpretation of photometric observations made by Patkós (1982) during the period 1973-1981. The problem is solved in two stages: by obtaining a synthetic light curve in the case when the parameters of the corresponding Roche model (Djurašević 1992a) are given a priori (direct problem), and by determining the parameters of the model for which the best fit between the synthetic light curve and the observations is achieved (inverse problem) (Djurašević 1992b). A total of 18 light curves are analysed in the framework of the Roche model, involving one and two spotted regions on the primary component of the system (Sp G3 V), for the temperature contrast between the spotted area and the surrounding photosphere A s = T s /T 1 = 0.65. The basic parameters of the system and of the spotted areas are estimated. Throughout the whole set of the analysed light curves, a double spot model fits the observations satisfactorily. A single spot model yields a poorer fit, where the basic system parameters obtained by analysing the individual light curves show stronger variations about a mean value. That indicates that the single spot model cannot successfully reproduce the SV Cam light curve changes during the analysed period.
Abstract. The paper is devoted to the problem of the determination of the orbital and physical parameters of the active eclipsing binary SV Cam on the basis of the interpretation of photometric observations made by Patkós (1982) during the period [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] . The problem is solved in two stages: by obtaining a synthetic light curve in the case when the parameters of the corresponding Roche model (Djurašević 1992a) are given a priori (direct problem), and by determining the parameters of the model for which the best fit between the synthetic light curve and the observations is achieved (inverse problem) (Djurašević 1992b) . A total of 18 light curves are analysed in the framework of the Roche model, involving one and two spotted regions on the primary component of the system (Sp G3 V), for the temperature contrast between the spotted area and the surrounding photosphere A s = T s /T 1 = 0.65. The basic parameters of the system and of the spotted areas are estimated. Throughout the whole set of the analysed light curves, a double spot model fits the observations satisfactorily. A single spot model yields a poorer fit, where the basic system parameters obtained by analysing the individual light curves show stronger variations about a mean value. That indicates that the single spot model cannot successfully reproduce the SV Cam light curve changes during the analysed period.
According to the obtained results the spotted areas are formed at high latitudes and cover a significant part of the stellar surface. No clear cyclicity of the system's activity is noted from the analysed observations. There are some indications that spotted areas at high latitudes (above 70 o ) correspond to an enhanced activity. Since the system's period is short (P = 0.
d 59), the presence of spotted regions at high latitudes can be explained by the dynamo mechanism for rapid rotators (Schüssler & Solanski 1992) . During the analysed period the spotted areas tend to fall into a specially active longitude sectors at high latitudes, near stellar polar regions. Due to a selection effect
Introduction
The Close Binary (CB) SV Cam has an orbital period P = 0.
d 59307. According to Hall (1976) , it belongs to the short-period group of the RS CVn binaries. Hilditch et al. (1979) found that this system is composed of a G3V primary, and K4V secondary, with the mass ratio q = m 2 /m 1 = 0.7. They made the hypothesis that the light variations are due to a BY Draconis-type variability of the K4V secondary. The careful photometry by Patkós (1982) demonstrated conclusively the existence of a "distortion wave", which migrates toward increasing orbital phase, and strong flaring activity, which Patkós (1981) attributed to the active regions on the secondary star.
Using the Patkós' (1982) observations, Busso et al. (1985) analysed the differential rotation problem on the basis of the depression migration (caused by spotted areas) through the light curve orbital phase with time. By using a simplified model, the authors estimated the relevant parameters, such as the angular velocity at the equator, the differential rotation rate, the mean velocity of the meridional motion, the latitude of spots at formation and the corotation latitude.
Observations extending over about half a century were analysed by Zeilik et al. (1988) in the framework of the spot modelling technique (Budding 1977; Budding & Zeilik 1987) with spots on the primary. According to these authors, the active dark spotted region covers a significant part of the stellar surface occupying high latitudes ( Eaton & Hall (1979) for the RS CVn group in general.
The spot model and the inverse problem method
For the purpose of analysing the asymmetric light curves deformed by the presence of spotted areas on the components a Roche model based on the principles originated in the paper by Wilson & Devinney (1971) is developed.
Here only some basic elements of the model are indicated, whereas the details can be found in Djurašević (1992a) . The stellar size in the model is described by the filling coefficients for the critical Roche lobes F 1,2 of the primary and secondary respectively. They indicate to what degree the stars of the system fill the corresponding critical lobes (see Fig. 1 ). In the case of synchronous rotation of the components these coefficients are expressed through the ratio of the stellar polar radii, R 1,2 , and the corresponding polar radii of the critical Roche lobes, i.e. F 1,2 = R 1,2 /R Roche1,2 . The stellar nonsynchronous rotation is described by coefficients f 1,2 = ω 1,2 /ω K , where ω 1,2 is the angular rotation rate of the components and ω K is the Keplerian orbital revolution rate. In this case, the critical Roche lobes belong to the critical nonsynchronous lobes, and the filling coefficients F 1,2 are defined with respect to their polar radii. For a given mass ratio of the components q = m 2 /m 1 , and the nonsynchronous rotation coefficients f 1,2 , the stellar shape and size in a CB Roche model are unequivocally determined by the filling coefficients F 1,2 of the critical lobes (Djurašević 1992a) . The presence of spotted areas (dark or bright) enables one to explain the asymmetry and the depressions on the light curves of active CBs. In the model these regions are approximated by circular spots (Fig. 1) characterised by the temperature contrast of the spot with respect to the surrounding photosphere (A s = T s /T * ), by the angular dimensions (radius) of the spot (θ) and by the longitude (λ) and latitude (ϕ) of the spot centre.
For a successful application of the model in analysing the observed light curves an efficient method unifying the best properties of the Steepest Descent and the Differential Corrections method into a single algorithm (Djurašević 1992b ) is proposed. This method is obtained by modifying the Marquardt's (1963) algorithm.
The interpretation of photometric observations is based on the choice of optimal model parameters yielding the best agreement between the observed light curve and the corresponding synthetic one. Some of these parameters can be determined a priori in an independent way, while the others are found by solving the inverse problem. Typical case of the inverse problem involves the estimate of the following parameters: mass ratio of the components (q = m 2 /m 1 ), filling coefficients of the critical Roche lobes (F 1,2 ), orbit inclination (i), temperature of either component (T ) and spotted areas parameters (θ, λ and ϕ). The temperature contrast of the spotted regions with respect to the surrounding photosphere (A s ) is usually given a priori.
The Roche model given above and the method for the inverse-problem solution allow us to obtain a direct analysis of the observed light curves.
Procedure of light curve analysis
The present paper contains an analysis of the light curves of SV Cam observed in the period 1973 -1981 (Patkós 1982 , which is based on the Roche model with spotted areas on the components (Djurašević 1992a) . In Table 1 the data sequence of the individual light curves is presented. Here only the V passband light curves are considered because they are the most complete. Out of a total of 38 light curves, 18 (which are relatively well defined) are chosen to enable the estimate of the system and spotted areas parameters. There are indications that they all belong to one activity cycle .
In the analysis of the light curves, we avoided the somewhat questionable practice of forming normal points, and included all observations. We obtained the optimal model parameters trough the minimization of S = Σ(O − C) 2 , where O − C is the residual between observed (LCO) and synthetic (LCC) light curves for a given orbital phase. The minimization of S is done in an iterative cycle of corrections of the model parameters, based on the Marquardt's algorithm. This inverse problem method is characterised by fast and reliable convergence, that allows one to efficiently estimate the system parameters. The method also gives standard errors.
Since the results of the light curve analysis are very dependent on the choice of the adopted working hypothesis, the analysis is carried out within the framework of several hypotheses (single and double spotted areas; spots on the primary and spots on the secondary).
The present light curve analysis yields the filling coefficients of the critical Roche lobes F 1 and F 2 , about 0.88 and 0.64 for the primary and secondary, respectively (see Tables 2 and 3 ). Since the critical Roche lobes are filled by the components to a high degree, tidal effects are expected to contribute to synchronisation of the rotational and orbital periods. Therefore, in solving the inverse problem, for nonsynchronous rotation coefficients we adopted the values f 1,2 = 1.0.
For such a case where neither the primary nor the secondary fill the critical Roche lobes, determination of the mass ratio of the components by analysing light curves only is not reliable. For this reason the mass ratio is fixed by assuming the value q = m 2 /m 1 = 0.71, estimated spectroscopically (Budding & Zeilik 1987) . On the basis of its spectral type (G3V) the temperature of the primary is also fixed (T 1 = 5800 K).
In the programme for solving the inverse problem, the linear limb-darkening coefficients are determined on the basis of the stellar effective temperature and of the stellarsurface gravity, according to the given spectral type, by using the polynomial proposed by Díaz-Cordovés et al. (1995) . For the gravity-darkening coefficients of the stars the value of β 1,2 = 0.08 was adopted. Lucy (1967) and Osaki (1970) regard this value as being justifiable for stars with convective envelopes.
The temperature of the secondary (about 4300 K) was significantly lower than that of the primary. Therefore, its contribution to the total brightness of the system is relatively small. Hence one can expect that the spotted areas on the secondary yield comparatively small photometric effects. In this case, the model for the light curve fitting requires very large spotted regions with a high temperature contrast with respect to the surrounding photosphere. The spotted areas are too large even for a temperature contrast A s = T s /T 2 = 0.6, which yields the spot temperature of about 2600 K. In the case of some light curves analysed here the fitting of observations with a synthetic light curve is not satisfactory. The basic parameters of the system, such as the size of the components, the orbit inclination and the temperature of the secondary obtained by analysing the individual light curves, should be variable within significant limits, which is unacceptable. Therefore, this hypothesis is rejected as unrealistic.
Under the assumption of spotted areas being on the primary, the optimum synthetic light curves fit much better the observations. The light curves were then analysed in the framework of the single and double spot models. For the temperature contrast between the spotted area and the surrounding photosphere it is assumed A s = T s /T 1 = 0.65, yielding the spot temperature to be about 3770 K. Cellino et al. (1985) inferred from the infrared observations a spot temperature of 3780 K. On the basis of this result the assumed value for the spotted area temperature contrast may be considered as justified.
In analysing the light curves the following procedure is applied. First, on the basis of the light curve form, the curve No. 10 (see Tables 1-3 and Fig. 3 ) was chosen as the cleanest from spot effects. In analysing it, the optimisation begins using only the basic model parameters. After achieving a first convergence, one also includes free parameters related to spots in the iterative optimisation process.
The basic parameters of the system, obtained in this way, are used as starting points in the inverse-problem solution for other light curves. Their analysis begun by optimisation in the spot parameters. When the optimisation based on these parameters does not secure a further minimization of Σ(O − C) 2 , the basic system parameters have to be introduced in the iterative process. Namely, one cannot in advance exclude the possibility of certain changes of some of these parameters during the analysed period of time. Using this procedure we optimize all freeparameters of the model in the final iterations. In this way we save some computer time because a smaller number of iterations is needed.
Results
The results of the light curve analysis in a "compressed" form are presented in Table 2 (single spot model) and  Table 3 (double spot model). The tables contain parameters of the system evaluated through an analysis of individual light curves, numerated in accordance with Table  1 . The errors in parameter estimation originated from the nonlinear least-squares method on which the inverse problem method is based. They are just formal and do not represent a real accuracy of the evaluation of the parameters. Especially, in evaluation of the spotted area size and latitude the real errors are probably larger than mentioned. This may be explained by the lack of a method for estimating the spot latitude and dimensions on the basis of the light curve analysis. Namely, for a given orbit inclination, light curve modulations produced by a smaller spotted area at a lower latitude or by a larger spotted area at a higher latitude are similar. This gives rise to errors in the spot-latitude and spot size estimation. In well-defined light curves the real spot size and latitude errors approximately estimated amount to ∆θ = ±2 o and ∆ϕ = ±10 o . The errors can be larger in light curves insufficiently covered by observations.
On the basis of the results presented in Tables 2 and  3 , and from Fig. 2a , it is evident that the double spot model yields a better fit (lesser Σ(O − C)
2 ). In this case, the basic system parameters are approximately constant for the whole set of the analysed light curves (see . This means that for the entire observational period the changes in the light curve form can be almost completely explained by changes in the position and size of the spotted areas. Certain variability can be noticed in temperature of the secondary, with the minimum value In the case of the single spot model, the fit obtained is somewhat poorer, whereas the basic system parameters obtained by analysing the individual light curves show stronger variations about a mean value (see Table 2 and Fig. 2 -left column) . We consider this case as less reliable, to the point of being possibly excluded.
The change of active-region parameters over the analysed observational period is suitable to be presented on plots. Such a presentation is given in Fig. 2 (right column) , for a single and double spot model. The spot migration in longitude during the analysed period is shown in Fig. 2e . In the double spot model differences in spot longitudes in opposite stellar hemispheres can be noticed.
The spotted areas appear at high latitudes, near the polar regions (Fig. 2f) (Fig. 2g) one can say that the system during 1973 showed a significant activity. During 1974 the activity decreased. Therefore, for light curve No. 10, obtained in late 1974, one finds minimum dimensions of the spotted areas. After this, there is a fast increase in the activity. In 1976 it reaches a lower level again, at which it remains with smaller changes till the end of 1980. It seems that then a new significant increase in the activity took place. Then the activity increases again. Unfortunately, the data available are not sufficiently dense in time to study the activity in more detail. A clear cyclicity in the system's activity is not noticeable.
In the framework of the obtained solutions for both models it is possible to see a correlation between the latitude, (Fig. 2f) and size (Fig. 2g) of spotted areas. The large spotted area, near the stellar polar regions corresponds to an enhanced activity of the system. During the analysed period, (λ, ϕ)-postions of the spotted area are grouped within active longitude and latitude sectors (Fig. 2h) Photometric effects of the spots with longitudes about 0 o and 180 o would be observable from the depth and shape of the light curve minima and partialy from the rest part of the light curve, which is not covered by eclipses. So, masking by eclipses does not explain the noticeable scarcity of these spots.
The obtained fit of the observed light curves (LCO) by the synthetic ones (LCC) following from the inverse problem solutions based on the single and double spot model are shown in Fig. 3 . In order to easily follow the obtained solutions, the light curves are noted by ordinal numbers (No) in accordance with the ones applied in Tables 1, 2 and 3. Substantial differences in the quality of fits obtained by using single (dashed line) and double spot models (solid line) can be noticed in some light curves. Figure 4 (double spot model) shows the view of the system obtained on the basis of the parameters estimated by analysing the corresponding light curves. The numeration of the figures corresponds to the ordinal number of the analysed light curves. The figures were made by using the programme (Djurašević 1991) . Thanks to such plots, one can see a view of a CB system at a noted orbital phase, chosen in such a way that the spots are visible.
Discussion and conclusions
Both presentations of the results (Table 3 and corresponding figures) show that in the case of the Roche model with two spotted regions, the synthetic light curves obtained by solving the inverse problem fit the observations very well (almost within the measurement accuracy). The variations of the basic system parameters among the different curves for the analysed period are insignificant. This means that the variations in the light curves can be explained by the change of the position and size of the spotted areas on the primary.
For the majority of the analysed light curves the single spot model (Table 2 and corresponding figures) fits well the observations. But this model requires comparatively large variations of the basic system parameters (e.g. the stellar size - Fig. 2b ) during the analysed period. Therefore, we tend to exclude this solution.
Appearing at high latitudes, the spotted areas cover a significant part of the stellar surface. Since the system's period is short (P = 0.
d 59), the presence of spots at high latitudes (near the pollar regions) can be explained by the dynamo mechanism for rapid rotators (Schüssler & Solanski 1992) .
In favour of presence of spotted areas at high latitudes we have an independent argument based on the Note: JD -Julian Dates of the observations, N -total number of observations for the given light curve. Table 2 . Results of the analysis of the SV Cam light curves obtained by solving the inverse problem for the Roche model with one spotted area on the primary component Fixed parameters: q = m 2 /m 1 = 0.71 -mass ratio of the components, T 1 = 5800 K -temperature of the primary, As = Ts/T 1 = 0.65 -spotted area temperature coefficient, f 1 = f 2 = 1.00 -nonsynchronous rotation coefficients of the components, β 1 = β 2 = 0.08 -gravity-darkening coefficients of the components, u 1 = 0.66 -limb-darkening coefficient of the primary.
Note: No. -data set No., θ -spotted area angular dimensions, λ -spot longitude and ϕ -spot latitude (all in degrees), F 1 , F 2 -filling coeficients for critical Roche lobes of the primary and secondary, T 2 -temperature of the secondary, i -orbit inclination (in degrees), u 2 -limb-darkening coefficient of the secondary, Ω 1 , Ω 2 -dimensionless surface potentials of the primary and secondary, R 1 , R 2 -stellar polar radii in units of the distance between the component centres and Σ(O − C) 2 -final sum of squares of residuals between observed (LCO) and synthetic (LCC) light curves. No. Fixed parameters: q = m 2 /m 1 = 0.71 -mass ratio of the components, T 1 = 5800 K -temperature of the primary, As 1,2 = Ts 1,2 /T 1 = 0.65 -spotted areas temperature coefficient, f 1 = f 2 = 1.00 -nonsynchronous rotation coefficients of the components, β 1 = β 2 = 0.08 -gravity-darkening coefficients of the components, u 1 = 0.66 -limb-darkening coefficient of the primary.
Note: No. -data set No., θ 1,2 -spotted areas angular dimensions, λ 1,2 -spots longitude and ϕ 1,2 -spots latitude (all in degrees); F 1 , F 2 -filling coeficients for critical Roche lobes of the primary and secondary, T 2 -temperature of the secondary, i -orbit inclination (in degrees), u 2 -limb-darkening coefficient of the secondary, Ω 1 , Ω 2 -dimensionless surface potentials of the primary and secondary, R 1 , R 2 -stellar polar radii in units of the distance between the component centres and Σ(O − C) 2 -final sum of squares of residuals between observed (LCO) and synthetic (LCC) light curves. differential-rotation effect. As seen from the Fig. 2e , and Fig. 3 , the light curve depression is shifted through the orbital phase with time. This depression migration can be explained by the difference between the spotted area angular velocity ω and the Keplerian angular velocity in the system's revolution ω K . This is to be expected in the case of the differential rotation of the stellar surface layers and for the nonsynchronous rotation of the components. Here a short-period CB is analysed whose stars fill in their critical Roche lobes significantly; hence due to the tidal effects the rotation of the components is expected to be synchronous.
The depression shifting along the light curves can be in both senses, direct and retrograde (see Busso et al. 1984) , which depends on whether the spotted area latitude exceeds the corotational one or not. This circumstance (shifting sense) appears as a serious indication in favour of the diferential rotation existence. By applying simple approximations, based on the analogy with the problem of the differential rotation of the Sun, it is possible in certain cases to obtain the data on the component differential rotation in RS CVn type of CBs. Following the idea applied by Busso et al. (1985) the active region is approximated here by a circular spotted area whose centre corresponds to the photocentre of the given region and the photometric time variations of the light curves are interpreted through the change in the position and size of the spot. Due to the meridional motion from higher towards lower latitudes, the differential rotation causes the shift of the spotted area longitude in the course of time. The differential-rotation parameters are derived on the basis of these longitude shifts.
The single spot model is compatible with that for obtaining the differential-rotation parameters. Although it has been shown that this model has certain drawbacks, in analysing the differential rotation one can exploit the data of the spotted area longitudes (see Table 2 ) for the entire set of observed light curves over the interval [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] . Such an analysis is presented in Djurašević (1996) . The nonlinear system of equations, describing the differential rotation is solved following adequate approaches (Marquardt's algorithm -Marquardt 1963 -and SIMPLEX -Torczon 1991 . These algorithms are suitable for the problems of nonlinear optimisation and they enable one to solve equation systems describing the differential rotation. The results obtained for the case of SV Cam (Djurašević 1996) indicate that the spotted area appears at high latitudes (about 84 o ), whereas the corotation latitude is about 30
o . Although the model for calculating the differential-rotation parameters is rough, this result is an indication that in the case of the short-period RS CVn type of CBs, spotted areas can be expected in the polar regions. The consideration of the differential rotation problem and the results of the light curve analysis for SV Cam presented here, clearly indicate that large spotted areas in the polar regions of the primary could be accepted as a reality.
